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Abstract 
Porosity where most complicated physicochemical changes in is not only related to coal metamorphic degree but also to the maceral. 
Relationships of coal maceral and porosity are the main content of this paper. By pressured-mercury testing and polarizing microscope 
analysis, it is found that vitrinite has higher content of transition pore and inertinite is rich of macroporous, meanwhile the specific pore 
volume of mesopore and microporous is related to both vitrinite and inertinite. Also, there is a creative found that the method of fuzzy 
comprehensive evaluation could be used to estimate the relationship of the coal maceral and porosity. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
Coal described as combustible rock is composed of polymer organic compound and mineral. Porosity influenced by 
material composition, petrographic characteristics and chemical structure is important to the coal [1], and most complicated 
physicochemical changes in it. Coal maceral also has an effect on the specific pore area and pore volume apart from the 
degree of coal metamorphism [2,3]. People have debatable views on the porosity of the same kind of coal, and the 
difference maybe related to coal maceral [4]. So it is necessary to make a research on the relationship of coal maceral and 
porosity. 
Due to the difference of evolution level the distribution of coal is very extensive, as is porosity size. Specific pore volume, 
specific surface area and pore volume could be measured by pressured-mercury testing, and the content of inertinite, 
vitrinite, exinite and mineral could be obtained by coal petrography analysis. 5 representative samples of lignite have been 
selected according to the national standard, with which a series experiments and analysis could be done. 
2. Pressured-mercury testing 
In order to get the specific pore volume, specific surface area and pore volume of coal, we have done a series of 
pressured-mercury testing by AutoPore 9500Ⅳ . Experimental results are listed as follow. 
As shown in Table 1, lignite contains much macroporous specific pore volume of which is 32%-49%, but others are less 
than it. Order of macroporous’ specific pore volume is 2>4>1>3>5, and the pore volume is 2>3>4>1>5, so pore volume is 
up to macroporous and then mesopore. Generally, specific surface area is influenced by microporous. In the test we have 
found that the order of specific pore volume of transitional pore and micropore is 1>5>3>4>2, but the specific surface area 
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is 1>3>4>2>5. Thus specific surface area is depended on the transitional pore and micropore, and partly on the macroporous 
and mesopore.  
Table 1. Experimental data of pressured-mercury 
No. 
Specific pore volume/% Total pore volume /cm3/g Specific surface area 
/ m2/g Macroporous Mesopore Transitional pore Micropore 
1 40.64 10.15 25.47 23.74 0.1231 2.797 
2 48.36 29.68 14.85 7.10 0.2353 1.675 
3 39.95 15.38 32.56 14.67 0.1308 2.204 
4 45.63 9.37 23.16 21.84 0.1303 2.046 
5 32.06 20.36 30.54 17.04 0.1089 1.076 
3. Coal Petrography Analysis 
Maceral is obtained by coal petrography analysis through ORTHOPLAN polarizing microscope. The experimental 
results are shown in Table 2. 
Table 2.  Experimental data of coal petrography analysis (%) 
 1 2 3 4 5 
Maceral 
Vitrinite 81.25 69.26 92.63 82.72 91.35 
Inertinite 9.77 13.85 1.59 7.57 6.54 
Exinite 1.56 1.52 1.59 5.44 0.58 
Mineral 7.42 15.37 4.18 4.27 1.54 
Sub-maceral 
Desmocollinites 33.59 25.81 68.53 61.55 57.12 
Telocollinites 42.19 27.7 23.11 20.58 31.92 
Telinite 0 0.19 0 0.19 0 
Vitrodetrinite 5.47 15.56 1 0.39 2.31 
Semifusinite 5.08 8.73 0.6 2.52 2.5 
Macrosome 1.95 3.98 0.2 2.72 3.08 
Microsome 2.15 0.57 0.6 1.17 0.58 
Fusinite splitter 0.59 0.38 0.2 1.17 0.38 
 
Results indicate that lignite contains the highest amount of vitrinite and then inertinite, exinite and mineral are the lowes 
[5,6]. Though there is porosity in exinite and mineral, they should be ignored to the system, and more attention could be 
paid to vitrinite and inertinite. Because there are amount of desmocollinites, telocollinites, vitrodetrinite, semifusinite, 
macrosome, microsome and fusinite splitter in the sub-maceral of the lignite, we would focus on them in the following 
analysis. 
3.1. Relationship between Maceral and Porosity 
Results of relationships between maceral and porosity of the lignite are shown in the Fig 1 and Fig 2. 
As shown in the figure the specific pore volume of macroporous decreases, transitional pore increases when vitrinite’s 
content increases. It is also found that the specific pore volume of mesopore decreases at first then increases with the 
increasing of vitrinite’s content, but the specific pore volume of microporous is just in reverse. 
It’s found that the specific pore volume of macroporous increases, and transitional pore decreases when inertinite’s 
content increases. The performance is that the specific pore volume of mesopore and microporous of inertinite is similar to 
vitrinite. 
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Fig. 1. Relationship of vitrinite’s content and specific pore volume. 
 
Fig. 2. Relationship of inertinite’s content and specific pore volume. 
Inertinite and vitrinite are complementary both of which have influence on the porosity of coal. Macroporous mainly 
exists in inertinite and transitional pore in vitrinite, there is certain amount of mesopore and microporous in inertinite and 
vitrinite. 
3.2. Relationship between sub-maceral and porosity 
Owing to inertinite and vitrinite made up of sub-maceral, we should make further research on the relationship of the sub-
maceral and porosity. Results are shown in Fig 3- Fig 5. 
 
Fig. 3. Relationship of desmocollinites’s content and specific pore volume. 
According to the figure we have found that the specific pore volume of macroporous decreases at first then increases, and 
microporous increases first then decreases with the increasing of desmocollinites’s content. The specific pore volume of 
transitional pore increases when desmocollinites’s content increases. What’s particular is the specific pore volume of 
mesopore, it decreases first then increases and finally decreases with the increasing of desmocollinites’s content. So there is 
a great quantity of transitional pore in desmocollinites, and a certain amount of macroporous, mesopore and microporous. 
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Fig. 4. Relationship of telocollinites’s content and specific pore volume. 
There is no obvious relationship of macroporous and transitional pore with telocollinites. Specific pore volume of 
mesopore increases at first then decreases, and microporous decreases first then increases with the increasing of 
telocollinites’s content. Telocollinites contains trace macroporous and transitional pore, but a quantitative mesopore and 
microporous. 
 
Fig. 5. Relationship of semifusinite’s content and specific pore volume. 
With the increasing of the content of semifusinite the specific pore volume of macroporous slightly increases, transitional 
pore decreases, mesopore decreases first then increases, and microporous increases first then decreases. The results show 
that there are a large qualitative macroporous, certain of mesopore and microporous, and barely transitional pore. As to 4 & 
5 with similar content of semifusinite, specific pore volume of them is different, but the general trend is similar. 
In the same way we can find out the relationships about vitrodetrinite, macrosome, microsome and fusinite splitter with 
the specific pore volume. According to these results we can draw out Table 3.  
Table 3. Experimental data of coal petrography analysis 
 Macroporous Mesopore Transitional pore Micropore 
Desmocollinites scarcity certain abundant certain 
Telocollinites trace certain trace certain 
Vitrodetrinite <1% scarcity abundant abundant scarcity 
Vitrodetrinite >1% abundant abundant scarcity scarcity 
Semifusinite abundant abundant scarcity certain 
Macrosome abundant certain scarcity certain 
Microsome scarcity scarcity trace abundant 
Fusinite splitter trace scarcity scarcity certain 
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4. Fuzzy comprehensive evaluation method  
Fuzzy comprehensive evaluation method based on fuzzy mathematics is a comprehensive evaluation method that 
transfers the qualitative evaluation into quantitative evaluation. By the fuzzy mathematics we can make an overall 
evaluation about the things or object restricted by various factors. The method with clear result and strong systemic could 
better solve the problem which is fuzzy and difficult to quantify. In a word, the method is suitable for all uncertain problems 
[7,8]. 
The results of our calculations indicate that though the specific pore volume of all kinds of pore in sub-maceral is 
uncertain, the general trend of them is similar. Thus the fuzzy comprehensive evaluation would be a better way to make an 
overall evaluation about the relationships among the sub-maceral and porosity of the lignite. Procedures of evaluation are as 
follows: 
(1) Evaluation object is the corresponding pore volume of coal samples. 
(2) Evaluation factor sets are the sub-maceral. 
(3) Establishing remark grades {scarcity, trace, certain, abundant}, and the corresponding evaluation set (e) {1, 2, 3, 5}. 
(4) The weighting sets (w) are the percentage of coal samples. 
(5) Fuzzy comprehensive evaluation value ew . 
Fuzzy comprehensive evaluation value of pore volume could appraise the order of the specific pore volume, specific 
surface area and pore volume. Fuzzy comprehensive evaluation method could turn the uncertain relationship between the 
sub-maceral and porosity of the lignite to be quantitative, and this method significant in saving time and cost of porosity 
determination could be put forward to forecast the porosity. 
5. Fuzzy comprehensive evaluation method 
(1) Macroporous mainly exists in the inertinite and transitional pore is in vitrinite, and there are both certain amount of 
mesopore and microporous in inertinite and vitrinite. When the percentage of vitrinite is less than 82% mesopore mainly 
exists in the inertinite and microporous in vitrinite, and when the percentage of vitrinite is more than 82%, mesopore mainly 
exists in the vitrinite and microporous in inertinite. 
(2) Fuzzy comprehensive evaluation method could be put forward to forecast the porosity that transfers the uncertain 
relationship between the sub-maceral and porosity of the lignite to be quantitative. This method also has significance in 
saving time and cost of porosity determination, in the same time, it provides an important method for the future of coal 
industry and research. 
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